Background-Longitudinal myocardial deformation indexes appear superior to left ventricular ejection fraction (LVEF) in assessing myocardial contractility. However, few studies have addressed the prognostic value of longitudinal motion markers (velocity, strain, and strain rate) in predicting outcome in heart failure patients. Methods and Results-The study included 125 consecutive symptomatic heart failure patients (63Ϯ16 years, 77% male, LVEFϭ31Ϯ10%). All patients underwent a complete echocardiographic and clinical examination, and brain natriuretic peptide level was assessed in 93 patients. Longitudinal myocardial velocity by tissue Doppler imaging, global-, and strain rate by speckle tracking were computed from apical views (4-, 3-, and 2-chambers views) and compared with the occurrence of major adverse cardiac events. On the whole, peak longitudinal velocity, global-, and strain rate averaged 5Ϯ2 cm/s (range, 1 to 9), Ϫ8Ϯ3% (range, Ϫ3 to Ϫ18), and Ϫ0.33Ϯ0.16 s Ϫ1 (range, Ϫ0.83 to Ϫ0.05), respectively. During the follow-up period (266Ϯ177 days), major adverse cardiac events occurred in 47 (38%) patients (15 deaths, 29 recurrent heart failure, and 4 heart transplantations). By univariable analysis using Cox model global-, strain rate, and LVEF were associated with the occurrence of major adverse cardiac events, whereas only global-remained independently predictive of outcome by multivariate analysis. Conclusions-In the heart failure population, longitudinal global strain by speckle tracking is superior to LVEF and other longitudinal markers in identifying patients with poor outcome. (Circ Cardiovasc Imaging. 2010;3:249-256.)
H eart failure (HF) prevalence ranges between 2% and 3% in the general population, 1 with increasing trend because of the population ageing and a survival improvement. 2 Overall 4-year mortality rate averages 50%, with a large individual variability. 3 Myocardial contractility is a strong outcome predictor, with a major impact on the medical decision. 4, 5 Consequently, myocardial contractility should be quantified by a sensitive and accurate method. In daily practice, systolic left ventricular (LV) contractility assessment is based on the LV ejection fraction (LVEF) measurement computed from apical views using echocardiographic imaging. 6 However, several studies suggested that LVEF is poorly sensitive in detecting early myocardial dysfunction, whereas longitudinal myocardial velocity, strain, and strain rate (SR) appear to be more sensitive and specific. [7] [8] [9] On the whole, SR values are less dependent of load conditions and may be superior to strain and velocity. 10 Tissue Doppler imaging (TDI) is conventionally used to assess longitudinal myocardial velocity, 11 whereas, for longitudinal strain and SR, speckle tracking appears to be less noised than TDIderived data and provides accurate measurements correlated with sonomicrometry and cardiac MRI. 12, 13 TDI and, more recently, speckle tracking modality, are available on current echocardiography systems and can be used in daily practice to improve myocardial contractility assessment. However, assessment of all these contractile markers is time-consuming and cannot be routinely performed. The purpose of the present study is to define which longitudinal contractile marker is relevant for clinical decision by comparing their prognostic value in HF population.
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Methods
Population Study
We prospectively enrolled 125 consecutive patients (age, 63Ϯ16 years; 77% men; Table 1 ) admitted for optimization of medical HF treatment. After discharge, 76%, 80%, and 60% of patients were receiving ␤-blocker, ACE inhibitor, and aldosterone antagonist therapy, respectively. Patients in atrial fibrillation were not excluded from the study. Clinical data and medical history were collected using a standard questionnaire. Before discharge, all patients underwent a complete echocardiographic examination.
Outcome
A composite outcome that affects heart failure patient survival and quality of life was used to ensure a sufficient statistical power. The primary end point combined cardiovascular death (sudden death, death from HF, or unexplained death), recurrent hospitalization for HF, and cardiac transplantation or mechanical circulatory support. Follow-up information was obtained either from medical report or direct patient interview or from the referring physician. The time to follow-up was considered as the time to first defined cardiovascular events.
Echocardiography Analysis
A standardized complete echocardiographic examination was performed before discharge using a commercially available Vivid 7 system (GE Vingmed, Horton, Norway). All data were stored digitally for off-line analysis on Echo-Pac PC software (V8.1 GE, Horton, Norway). LV volume and LVEF were computed from standard apical views according to the Simpson biplane method. 6 Peak tricuspid annular systolic velocity (by TDI) and tricuspid annular plane systolic excursion (TAPSE) were used to assess right ventricular (RV) systolic function. 14 The ratio of early transmitral velocity (E wave by conventional pulsed Doppler) to tissue Doppler mitral annular early diastolic velocity (eЈ by TDI) was used to assess pulmonary capillary wedge pressure.
Longitudinal Myocardial Function
Peak systolic mitral annular velocity (S) using pulsed TDI was determined from the lateral wall. Global systolic longitudinal strain (global-) and SR were computed using speckle tracking analysis. For strain processing, the peak of the R wave on the ECG was used as the reference time point for end-diastole. Global-was obtained by averaging the 16 regional longitudinal strain curves computed from high-frame-rate (Ͼ50; mean, 74Ϯ17) apical views (4-chamber, 2-chamber, 3-chamber). On the whole, 132 of 2000 (6.5%) segments were excluded from global strain calculation because of inadequate tracking. Peak global SR was computed from the first derivative global strain curve during isovolumic contraction period ( Figure 1 ).
B-Type Natriuretic Peptide Measurements
Venous blood samples for B-type natriuretic peptide (BNP) assessment were drawn the day of echocardiography in 93 patients (76%). Chilled EDTA tubes were centrifuged immediately at 4000g (4°C) for 15 minutes. Separated plasma samples were processed by immunofluorescence assay (Beckman-Coulter, Biosite, Paris, France). The assay detection limit was 1 pg/mL. The interassay and intra-assay variations were 5% and 4%, respectively.
Statistical Analysis
To assess the predictive value of global longitudinal myocardial indexes (peak S by TDI, global-, and SR) in identifying primary outcome in HF patients, we used a Cox model analysis adjusted to other covariables. Continuous variables with normal distribution were expressed as meanϮSD and skewed variables as median and quartiles. Dichotomous data were expressed as percentages. To compare numeric data between 2 groups, an unpaired Student t test was used with skewed variables (as BNP level) log-transformed for all statistical comparison. Nominal variables were compared using 2 test or Fisher test. Pearson correlation was used to compare longitudinal myocardial shortening indexes to LVEF and BNP levels. Univariate analysis of primary outcome was performed using a Cox model analysis. Proportional hazards assumption was checked graphically by plotting scaled Schoenfeld residuals against time with LOWESS smoothing function 15 used to test for nonproportionality. Variables from univariate analysis with PϽ0.2 were included in multivariate Cox analysis to identify independent predictor of outcome. For multivariate analysis, 2 models were used, the first (nϭ93) including and the second (nϭ123) without including BNP level. To determine the optimal global-cutoff value, the Youden test 16 was performed from data computed from receiver-operating characteristic curves. Survival curves were established by the Kaplan-Meier estimation method, and the event rates were compared using the log-rank test. Two-tailed probability values Ͻ0.05 were considered statistically significant.
Results
Of the 125 patients enrolled (age, 63Ϯ16 years; 77% men; Table 1 ), LVEF averaged 31Ϯ10% (range, 10 to 49) and HF etiology was ischemic in 52% (nϭ65), with 61% (nϭ74) of patients severely symptomatic (New York Heart Association functional class ՆIII) at inclusion. Blood pressure and heart rate averaged 126Ϯ23 mm Hg and 76Ϯ15 bpm, respectively. Mean BNP level at discharge was 1031Ϯ1182 pg/mL (median, 697; range, 10 to 6554).
Baseline Echocardiography
End-diastolic and systolic volumes averaged 191Ϯ71 mL (range, 62 to 415) and 134Ϯ62 mL (range, 39 to 349), respectively. E/eЈ ratio and systolic pulmonary blood pressure averaged 16Ϯ9 (range, 4 to 39) and 45Ϯ11 mm Hg (range, 30 to 72), respectively. RV dysfunction was observed in 33% (nϭ41) when defined by TAPSE Ͻ15 mm (17Ϯ4 mm, range, 7 to 28) and 53% (nϭ65) using tricuspid annular systolic velocity Ͻ10 cm/s (mean, 9Ϯ3 cm/s; range, 3 to 16).
Longitudinal Shortening Indexes
Peak systolic mitral velocity by TDI (S mitral ), global-, and peak SR by speckle tracking averaged 5Ϯ2 cm/s (range, 1 to 9), Ϫ8Ϯ3% (range, Ϫ18 to Ϫ2), and Ϫ0.42Ϯ0.15 s Ϫ1 (range, Ϫ0.83 to Ϫ0.17), respectively. Correlation between SBP indicates systolic blood pressure; CAD, coronary artery disease; HR, heart rate; Creat clear, creatinine clearance; LVED, left ventricular end-diastolic volume; S tricuspid , peak tricuspid annular velocity; SPP, systolic pulmonary blood pressure; and S mitral , peak mitral annular velocity.
LVEF and longitudinal myocardial contractile markers was good with global-(rϭϪ0.72 PϽ0.0001, Figure 2 ), moderate with SR (rϭϪ0.58, PϾ0.0001), and poor with S mitral by TDI (rϭ0.26, Pϭ0.01). Similarly, correlation with BNP level was better for global-(rϭϪ0.45 PϽ0.0001, Figure 1 ) and peak SR (rϭϪ0.46 PϽ0.0001) than for S mitral (rϭϪ0. 16, Pϭ0.16) . Importantly, pulmonary capillary wedge pressure (by E/eЈ ratio) correlated with global strain (rϭ0.46, PϽ0.0001), S mitral (rϭϪ0.39, PϽ0.0001), and global SR (rϭ0.38, PϽ0.001) as well.
Patient Follow-Up
During a median follow-up period of 283 days (25% to 75% IQ; 90 to 429 days; range, 2 to 550 days), 47 (37.6%) patients reached the primary outcome end point: 29 (23.2%) hospitalized for recurrent HF, 4 (3.2%) referred for cardiac assistance (nϭ3) or heart transplant (nϭ1), and 15 (11.2%) deaths including 14 from cardiovascular reasons and 1 patient from pancreatic cancer. After the first episode of recurrent HF (160Ϯ87 days), 3 of the 29 patients died of cardiovascular reasons and 1 was referred to heart assistance. Only 2 (1.6%) patients were lost to follow-up, excluded from prognosis analysis.
Univariable analysis using the Cox model ( Figure 3 and Table 2 ) showed that LV contractile markers associated with adverse cardiac events included LVEF (odds ratio [OR]ϭ0.50, PϽ0.0001), global-, (ORϭ1.2, PϽ0.0001), and SR by speckle tracking (ORϭ1.41, Pϭ0.002), whereas no significant correlation was found with S mitral by TDI. The other significant variables were NYHA functional class (ORϭ1.73, Pϭ0.001), systolic blood pressure (ORϭ0.86, Pϭ0.003), heart rate (ORϭ1.23, Pϭ0.03), BNP level (ORϭ1.62, PϽ0.0001), TAPSE (0.92, Pϭ0.03), and LV end-diastolic volume (ORϭ1.05, Pϭ0.03).
By multivariate analysis model including (nϭ93) and not including (nϭ123) BNP level, only NYHA functional class and global-remained predictive of cardiovascular events (Figure 4) . A global-cutoff ϾϪ9% identified patients with poor outcome with a sensitivity and specificity of 83% and 54%, respectively ( Figure 5 ). Negative and positive predictive values associated were 84% and 53%, respectively. Kaplan-Meier analysis showed that the risk of major cardiac events was 5.1-fold greater (2.6 to 10.2, PϽ0.0001, Figure 5 ) in patients with than without global-ϽϪ9%.
Reproducibility
Intraobserver reproducibility was 7% for longitudinal global strain, 9% for SR, 14% for systolic peak mitral annular velocity by TDI, and 8% for LVEF. The interobserver reproducibility was 8% for longitudinal strain, 12% for SR, 20% for systolic peak mitral annular velocity, and 10% for LVEF by Simpson biplane.
Discussion
Myocardial function assessment plays an important role in the prognosis and affects the medical decision in HF and valvular diseases. 4, 5, 17 In daily practice, myocardial contractility is based on LVEF by echocardiography using the Simpson biplane model. However, LVEF lacks sensitivity to 
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accurately identify myocardial contractility impairment, which first affects endocardial layers and longitudinal component. In addition, LVEF depends on load conditions and relies on the experience of the operator. 18 In the present study, we demonstrated that longitudinal global strain (by speckle tracking) is superior to LVEF, SR, and tissue Doppler imaging in predicting outcome in HF patients. This information highlights the importance to evaluate the impact of medical decision (device implantation and valvular replacement) based on longitudinal global strain value rather than LVEF measurement. Myocardial function assessment remains a challenging part of the echocardiographic examination. Accuracy and reproducibility of the results still depend on operator experience. 18, 19 Moreover, LVEF is poorly sensitive in identifying early changes in myocardial function that may be detected using longitudinal motion quantification. 7, 20 Several automatic methods for longitudinal motion assessment have been proposed and so far, only TDI has reached a clinical application. 4, 5 However, mitral annular velocity by TDI conventionally used to quantify global LV function 11, 21 was found poorly correlated with LVEF, BNP level, and the outcome of HF patients in the present study. These negative results may be explained by the limitations of tissue Doppler signal-to-noise ratio, which is particularly reduced by the misalignment issue of the Doppler sample volume, 22 , especially in HF patients with severe LV enlargement and myocardial dysfunction. 23 As an alternative to TDI, a new non-angle-dependent image processing algorithm based on speckle tracking analysis has recently been developed. Several studies reported that regional strain amplitude derived from speckle tracking correlates with sonomicrometry and MRI strain measurements. 12, 13 In the present study, strain curves from the 16 segments were averaged to compute a global-and SR to assess global myocardial function. The correlation observed between LVEF and longitudinal global-and SR is consistent with previous findings. 24, 25 The use of speckle tracking to assess LV systolic function offers the main advantage to provide a fast and simultaneous quantification of both regional and global myocardial function. In addition, global-and SR from apical views consider all segments of the myocardium compared with the Simpson biplane model (16-segment versus 12-segment model) and mitral annular velocity by TDI and thus may be more accurate in assessing myocardial contractility. Moreover, the quantification of myocardial contractility by speckle tracking is not based on LV volume changes measurement and consequently does not rely on a geometric model unsuitable for patients with complex LV deformation. Indeed, this advantage of speckle tracking over the Simpson method has been demonstrated by Brown et al, 25 who reported that in patients with Ͼ5 abnormal contractile segments, global-by speckle tracking correlated better with LVEF by MRI than LVEF derived from 2D echocardiography using the Simpson biplane model. Furthermore, global-and SR by speckle tracking is easy and fast to compute and especially does not require a specific training to ensure a good reproducibility. 24 However, an exact linear correlation of longitudinal global strain and SR with LVEF should not be expected because longitudinal motion partly contributes to LVEF value. Indeed, impaired myocardial contractility appears to first affect the endocardial layers, explaining that longitudinal motion markers may be more sensitive than LVEF in identifying early changes of myocardial contractility. 9, 26 Longitudinal motion may be quantified either by strain or SR, which is supposed to be load independent 10 and superior to strain in assessing myocardial contractility and prognosis. However, our data demonstrate that both strain and SR values correlate with pulmonary wedge pressure estimated using E/eЈ ratio. In addition, SR does not appear to be superior to strain in predicting outcome in HF patients. Superiority of strain over SR may also be related to less noised data, allowing an easier assessment of peak value. The use of longitudinal global strain by speckle tracking in assessing LV contractility should be encouraged in clinical practice for its good reproducibility and ability to stratify the outcome of HF patients. The negative predictive value (84%) of global strain (ϽϪ9%) is particularly interesting in identifying patients at low risk of cardiac events. Despite its limited specificity (54%) and positive predictive value (53%), a severe reduced global strain ϾϪ9% indicates an increase of the risk of cardiac events by 5.1. This suggests that these patients may require a more aggressive medical treatments and monitoring.
Limitations
Myocardial contractility was assessed by 2D imaging, although 3D echocardiography or cardiac cine-MRI may provide better LVEF 25 and volume measurements. However, comparison with 2D LVEF, largely available, better reflects current clinically practices. In addition, the study was focused on longitudinal strain data, which are known to be a sensitive marker of early LV dysfunction. Available short-axis data have not been included in the analysis because the strain data from the whole myocardium (16-segment model) cannot be obtained in all patients. The primary end point of the study was a composite outcome that included recurrent HF, cardiac assistance, and death. However, most of events (nϭ47) reported were recurrent HF (29/47, 62%). Future study including a larger number of patients should address the individual impact of longitudinal global on HF mortality and also on the occurrence of ventricular arrhythmia and recurrent myocardial ischemia.
Conclusion
Impaired longitudinal global strain ϾϪ9% is associated with an increase of cardiovascular events in HF patients. Importantly, longitudinal global strain by speckle tracking appears to be superior to SR and LVEF in predicting outcome in chronic HF. This highlights the need of future SBP indicates systolic blood pressure; CAD, coronary artery disease; HR, heart rate; Creat clear, creatinine clearance; LVED, left ventricular end-diastolic volume; S tricuspid , peak tricuspid annular velocity; SPP, systolic pulmonary blood pressure; and S mitral , peak mitral annular velocity. studies assessing the impact of medical decision based on strain measurement rather than LVEF. 
